Here, the corrosion properties of chromium (Cr) added to a copper-aluminum-nickel (Cu-Al-Ni) alloy were studied. Primarily, the alloy samples were prepared by increasing the percentages of Cr composition in the following series of 4%, 8% and 12% by keeping other alloying elements as constants. The alloy was made using the powder metallurgical technique. Consequently, hot forging was done on the sintered specimen. Both hypothetical and authentic densities were found for the hot forged samples which showed that the densities kept on increasing with the addition of Cr. The Cr embellishments were exposed using optical microscopy of varying magnifications. The corrosion properties achieved from the potentiostat showed that the corrosion resistance upsurges more than the other commercially available nickel-aluminum-bronze (NAB) alloys due to the Cr embellishments. The corroded surface was then investigated using scanning electron microscopy (SEM) which disclosed the formation of different κ phases along with an α matrix and other intermetallic phases in the present alloy. Furthermore, hardness tests were taken and these established that the hardness increases with Cr accompaniments. Thus, the present alloy can be endorsed as a novel material (Cu-Al-Ni-Cr) in the propellers of ships in which both hardness and corrosion resistant are obligatory.
Introduction
The nickel-aluminum-bronze (NAB) alloy is the most widely used alloy in highly saline environments due to its superb corrosion resistance. The alloy is mainly composed of nickel (Ni), aluminum (Al) and bronze in moderate amounts along with small amounts of manganese, iron, etc., with copper as the main element which makes it good for ship propellers. The NAB alloy is used in marine equipment, mainly in propellers, pumps, valves, etc. due to its high mechanical properties and admirable corrosion resistance [1] , [2] , [3] , [4] , [5] . The microstructures obtained in the NAB alloy are an α-copper-rich phase, and various intermetallic phases such as β′ and different κ phases which play important roles in the corrosion of the material. The microstructures play an important role in the cavitation corrosion of the material in highly saline water [6] . The phases formed by as-cast NAB are κ phases and β′ phases in friction-stirred processed NAB dissolve in 3.5% NaCl as they have low resistance to corrosion. The Al 2 O 3 film formed acts as protective layer in casted NAB [7] . In the continuous κ III phase on the microstructure, when it is exposed to prolonged seawater causes a pitting mechanism outside the crevice area which makes it wide and shallow [8] . The shot peened layer of the NAB alloy revealed that the corrosion rate increased due to the microstructural changes which occurred by strain hardening [9] . The corrosion behavior of the alloy was studied in both a cast and a wrought NAB alloy by open circuit potentiometry. The corrosion characteristics of the NAB alloy was studied in short-and long-term immersion trials [10] . The advantages of the NAB alloy are high ductility, high fracture toughness, higher strength and good resistance to corrosion, particularly in seawater applications [11] , [12] , [13] , [14] . However, due to the formation of α-κ phases it suffers erosion-corrosion which were confirmed under microstructures and resisted cavitation [15] , [19] , [20] . The corrosion resistance due to galvanic coupling was studied and revealed that the pitting corrosion occurred in the NAB alloy [16] . The increase in the corrosion resistance is not superior when the NAB alloy is heat treated. But the hardness value improved due to the generation of hard phases like κ, β′ phases [17] . The NAB alloy, even though it had excellent corrosion properties, still it suffered corrosion and we can improve it further. The reason behind this was the Fe-rich phase κ phases which are mainly responsible for the corrosion initiation. This phase, even though has high hardness, undergoes corrosion [18] . During the corrosion test, dissolution of Cu occurs in the reaction and this is important for the crevices to increase the surface concentration of Cu ions. Laser treatment can reduce the crevice [21] .
In this study, the corrosion behavior of the Ni-ALalloy along with microstructure were studied in relation to the influence of Cr. The mechanical properties such as the Vickers hardness test were studied.
Material processing
Fine powders of N, Al, Cu and Cr were imported from Alfa Aeser Private Limited (London, UK) with a 325 mesh and 44 μm particle size. Ball milling of the powders of the mentioned compositions (Table 1) were done using high energy ball milling for 10 h with a dry ball powder ration of 10:1. For the compaction a 1:1 ratio of the specimen has used with cylindrical size of L/D ratio 1. The fine powder obtained was compressed to get a green billet by using a punch and die in a universal testing machine with the application of 350 kN. The specimens were prepared for further sintering by polishing them with grade sheets of coarse to fine quality. Thus, the final specimens for sintering were obtained. Sintering was done in a muffle furnace at 850°C and the temperature was maintained for 90 min. Hot forging was done in a hydraulic press. The hot forged sample cut into 10 × 10 mm with a thickness of 5 mm and the density was checked by using Archimedes' principle for specimens before and after sintering. The scanning electron microscopy (SEM) images on the corroded area were taken for the study. The Rockwell hardness and micro-Vickers hardness test were conducted on sintered and forged specimens with various compositions. The microstructure was imaged using an optical microscope that was software driven. The specimen was prepared with a sequence of operations that included grinding the specimen with emery sheets followed by polishing with ethanol. An acidified ferric chloride was used for etching the component for a period of 1 min. A potentiostat was used for electro-chemical corrosion to obtain the Tafel plot. An SEM image was recorded on the corroded area. A corrosion test was carried out in a 3.5% NaCl solution using a potentiostat at the National Institute of Technology -Tiruchirappalli. By analogy we know that the chloride media is responsible for corrosion processes, so a 3.5% NaCl solution was used. According to the Cl¯ion containing environments, the formation of CuCl 2¯a nd CuCl 3p rotective layers occurs. Cu 2 O is responsible for localized corrosion which is passivated at a faster rate.
Results and discussion

Density calculation
Both the theoretical and actual densities of the samples were found using a bulk density tester apparatus. The calculated volume of the compacted specimens was 12.271cm 3 (L/D = 1). The densities of the hot forged specimens were found to be higher than the sintered specimens and are listed in Table 2 . 
Mechanical properties
For the Rockwell hardness, it is measured on a B-scale intender with load of 100 kgf, 1/16 inch steel ball intender. Both the Rockwell and micro-hardness reveal that the obtained hardness is much more than for the existing NAB alloys. Thus, the Cr influences increase the hardness of the alloys. From Table 3 and Table 4 , it is clear that the obtained mechanical properties are higher than the existing alloys. 
Material characterization
The structure shows the different phases in the compounds which are shown in Figure 1 . All the three structures show the 4%, 8% and 12% of Cr addition. We can predict that the gray spots in the microstructure show the formation of nichrome. The silvery traces of Al were also present on the microstructure. The entire image of different composition showed the well distribution of Cr in the alloys. We found the different phases formed in the alloy by analyzing the optical microstructure. 
Corrosion properties
The sample was cleaned, polished with grid sheets from lower to higer sizes for obtaining a mirror finish.
The potentiostat was used to analyze the accelerated corrosion. The polarization curves are shown in Figure 2 and Figure 3 , obtained from the corrosion tests for the 4% and 8% Cr samples. The decreased anodic current in the slope is due to the formation of oxide layers of Cu and Al. The corrosion resistant properties increased due to the addition of Cr. The corrosion occurs on the κ phases. The corrosion properties are tabulated below in Table  5 . 
SEM analysis
Generally, SEM shows the Cu rich-fcc α phase and some β phase due to Ni, Cr and Al. Also we can find intermetallic κ phases. It is clear that the surface roughness increased more in the 4% Cr sample and somewhat in 8% and 12% also due to corrosion as shown in Figure 4 . It is seen from the SEM images that the specimen corrodes at certain portions indicating the rupture of α and κ phases. The porosity formed in the corroded areas is due to the dissolvation of Al in Cu α matrix which will tend to more corrosion. The pitting corrosion occurs in the specimens in major areas. The precipitation free zone is not affected by corrosion. We also see that micro cracks developed in the specimen which propagates into the α phase. These micro cracks and cavities were formed at widely different locations.
Conclusion
• The present developed Cu alloy has more mechanical and corrosion properties than already available in NAB alloys used in the propellers of ships, pipes, etc.
• The overall electrochemical behavior was like Cu-Ni alloys and pure Cu due to the formation of thin oxide layer films. Due to the influence of Cr in the alloy, the material found is less likely to be attacked by biofouling.
• SEM analysis revealed that selective corrosion occurs in various κ phases. The dissolution of Al in the Curich α phase are less corroded.
